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624a Wednesday, March 4, 2009treated for 10 min with no drug (control) or with the INaL inhibitors ranolazine
(Ran; 3, 10 mM) or tetrodotoxin (TTX, 1 mM), then additionally exposed for 60
min to ouabain (1.3 mM in 23Na- and 0.75 mM in 31P- NMR experiments), after
which all drugs were washed out for 20 min. Naþi was not changed by TTX or
Ran alone. However, Ran (10 mM) and TTX significantly attenuated effects of
ouabain to increase Naþi and decrease DG~ATP (see Figure). The findings sug-
gest that INaL contributes significantly to Na
þ
i accumulation during exposure of
myocytes to cardiac glycosides.
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Di(2-ethylhexyl) phthalate (DEHP) is a widely used plasticizer found in a vari-
ety of polyvinyl chloride (PVC) medical products. The results of studies in ex-
perimental animals suggest that DEHP leached from flexible PVC tubing may
cause health problems in some patient populations. While the cancerogenic and
reproductive effects of DEHP are well recognized, little is known about the po-
tential adverse impact of phthalates on the heart. This study used preparations
of confluent, synchronously beating cultures of neonatal rat cardiomyocytes to
examine possible adverse effects of clinically relevant concentration of DEHP
on cardiac tissue. Seventy two hour-long exposure to 50 mg/ml DEHP led to
a marked decrease in conduction velocity and asynchronous cell beating in
DEHP-treated samples but not in time-matched controls. The mechanism be-
hind DEHP-induced changes was a loss of junctional connexin-43, documented
using western blot analysis, dye-transfer assay and immunofluorescence. Use of
organelle-specific connexin-43 antibodies, IF1 and CT1, allowed for further
analysis of changes in intracellular distribution of connexin-43. In DEHP-
treated samples the amount of gap-junctional connexin-43 (IF1-sensitive)
was significantly decreased as compared to the controls. In contrast, Golgi
and perinuclear (CT1-sensitive) staining was more pronounced. The data sug-
gests that DEHP modifies connexin-43 trafficking and protein assembly into
functional gap junctions, which impairs the electrical behavior of a cardiac
cell network. Applicability of these findings to human patients remains to be
established.
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Objective : Epidemiological studies usually linked atmospheric pollution and
cardiovascular events of sensitive population, mainly patients with heart fail-
ure. Accordingly, the present study tested the effect of chronic carbon monox-
ide (CO) pollution exposure on cardiac contractile function in normal and myo-
cardial infarcted (MI) rats.
Methodology : 7 weeks after the left coronary artery ligation, MI and sham
wistar rats were exposed for 4 weeks to ambient air or CO environment (con-
stant 30 ppm with 5 peaks of 1 hour at 100 ppm, levels reached in regular urban
area and during peak pollution, respectively). Cardiac morphology and function
were evaluated by echocardiography. ECG recording were performed for in-
vestigating arrhythmias events. Excitation contraction coupling (ECC) was in-
vestigated in intact cardiomyocyte (shortening, electrophysiology, and Ca2þ
transient) and skinned preparation (myofilament Ca2þ sensitivity).
Results: CO pollution increased posterior left ventricular wall thickness and
decreased shortening fraction of the whole heart in Sham rats, and worsened
MI rats cardiac remodeling (increase of posterior wall thickness, chamber dila-tion and alteration of contracting and relaxing ventricular index). The in vivo
deleterious effects were associated with alterations of ECC: CO pollution de-
creased Ca2þ transient, involving both decrease of SR Ca2þ load and increase
of ICa, reduced myofilament Ca
2þ sensitivity in Sham cardiomyocytes, and ag-
gravated the cellular alterations observed in MI cardiomyocytes. CO pollution
also triggered arrhythmic events.
Conclusions: Chronic exposure to CO pollution altered cardiac morphology
and function of sham rats, and worsened cardiac MI rats phenotype, by altering
cellular ECC.
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The second messenger cAMP regulates a variety of activities in cardiac myo-
cytes. However, different effectors respond to different cAMP concentrations.
This supports the idea that cAMP signaling is compartmentalized. Our labora-
tory has previously used FRET-based biosensors to estimate cAMP levels in
a membrane associated (caveolar) and bulk cytoplasmic compartments of in-
tact adult ventricular myocytes. The results indicate that the cAMP concentra-
tion in the bulk cytoplasmic compartment is as much as 10 fold higher than
that found in the caveolar compartment, even under basal conditions. The
common assumption is that the concentration of phosphodiesterase (PDE) ac-
tivity in specific subcellular locations is sufficient to explain such compart-
mentation. In the present study, we used a simple, two compartment, mathe-
matical model to systematically evaluate the potential contribution of the
following parameters in maintaining a significant cAMP gradient between
membrane and bulk compartments: 1) membrane compartment volume, 2)
membrane compartment surface area, 3) total adenylyl cyclase (AC) activity,
4) total PDE activity, 5) distribution of AC activity between compartments, 6)
distribution of PDE activity between compartments, and 7) flux of cAMP be-
tween compartments. Although the results demonstrate that extreme heteroge-
neous distribution of PDE activity alone can theoretically explain cAMP gra-
dients consistent with those observed experimentally, it requires the absolute
number of PDE molecules present in the membrane compartment to exceed
physical limits. Restricting the flux of cAMP between compartments can
also explain observed cAMP gradients, but it requires the membrane compart-
ment to be significantly larger than current estimates. Our results support the
conclusion the PDE activity is necessary but not sufficient to explain cAMP
compartmentation in cardiac myocytes. It is concluded that a flux rate signif-
icantly slower than free diffusion is also an essential factor involved in cAMP
compartmentation.
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A series of experimental data point to the existence of profound diffusion re-
strictions of ADP/ATP in rat cardiomyocytes. To be able to analyze and esti-
mate the role of intracellular diffusion restrictions on bioenergetics, the intra-
cellular diffusion coefficients of metabolites have to be determined. The aim
of this work was to develop a practical method for determining diffusion coef-
ficients in anisotropic medium and to estimate the overall diffusion coefficients
of fluorescently labeled ATP in rat cardiomyocytes. For that, we have extended
raster image correlation spectroscopy (RICS) protocols. The extension of RICS
that allowed us to study diffusion in anisotropic media is based on the fact that
RICS relates spatial and temporal information in the analysis. By modifying the
direction of the laser scan, we altered the relationship between spatial and tem-
poral fluctuations. This allowed us to relate autocorrelation functions with di-
rection of the scan thus discriminating between diffusion coefficients in differ-
ent directions. Using this extended protocol, we estimated diffusion coefficients
of ATP labeled with the fluorescent conjugate Alexa Fluor 647 (Alexa-ATP). In
the analysis, we assumed that the diffusion tensor can be described by two
values: diffusion coefficient along the myofibril and across it. The average dif-
fusion coefficients found for Alexa-ATP were as follows: 83þ/14microm2/s
in longitudinal and 52þ/16microm2/s in transversal directions (n¼8, meanþ/
SD). Those values are ~2 (longitudinal) and ~3.5 (transversal) times smaller
than the diffusion coefficient value estimated for surrounding solution. Such
uneven reduction of average diffusion coefficient leads to anisotropic diffusion
in the rat cardiomyocytes. While the source for such anisotropy is uncertain, we
speculate that it may be induced by ordered pattern of intracellular structures in
rat cardiomyocytes.
